REQUEST FOR FILING A PATENT APPLICATION UNDER 37 CFR 1.60 


DOCKET NUMBER 

ANTICIPATED CLASSIFICATION OF THIS 
APPLICATION 

PRIOR APPLICATION EXAMINER 

ART UNIT 

15758J05 

CLASS 

SUBCLASS 

L. Scott, Jr. 

2501 


Address to: 

Assistant Commissioner for Patents 
Washington, DC 20231 


This is a request for filing a s continuation □ divisional application under 37 CFR L60 of pending prior application 
no. 08/806,102, filed on February 25, 1997, which is a continuation of prior application no. 08/503,987, filed on July 19, 
1995, which is a continuation-in-part of prior application no. 08/415,960, filed on April 3, 1995, all entitled Laser Level. 

1. Enclosed are copies of the latest inventor-signed prior applications, including a copy of the oath or declaration 
showing the original signature or an indication it was signed. I hereby verify that the papers are true copies of the signed 
prior apphcations no. 08/806,102, 08/503,987 and 08/415,960; that all statements made herein of my own knowledge are 
true; and further that those statements were made with the knowledge that willful false statements and the like so made 
are punishable by fme or imprisonment, or both, under section 1001 of Title 18 of the United States Code aiid that such 
willfixl false statements may jeopardize the validity of the application or any patent issuing thereon. 



2. s A verified statement to establish small entity status under 37 CFR 1.9 and 1.27 

□ is enclosed. 

E! was filed in prior application no. 08/415,960 and such status is still proper and desired 
(37 CFR 1.28(a)). 

3. s The commissioner is hereby authorized to charge any fees which may be required, or credit any overpayment, to 

Deposit Account No. 23-2415. A duplicate copy of this sheet is enclosed. 

4. o A check in the amount of $ is enclosed. 

5. s Cancel in this application original claims 61-62 and 64-83 of prior application no. 08/806,102 

before calculating the filing fee. (At least one original independent claim must be retained for filing purposes.) 

6. s The inventor of the invention being claimed in this application is: Dawei Dong. 

7. □ This application is being filed by less than all the inventors named in the prior application. In accordance with 

37 CFR 1.60(b), the Commissioner is requested to delete the name(s) of the following person or persons who are 
not inventors of the invention being claimed in this application: 


H:\HOME\RMi\MOMENTUM\705\RULE-60.WPD 


(REQUEST FOR FILING A PATENT APPLICATION UNDER 37 CFR 1.60, PAGE 2) 


8. EI Amend the specification by deleting the first sentence: [The present application is a continuation of U.S. 

application no. 08/503,987, filed on July 19, 1995,now abandoned, which is a continuation-in-part of 
application no. 08/415,960, filed on April 3, 1995, now abandoned.] and inserting before the fu'st line of the 
second sentence: -"This application is a continuation of application no. 08/806,102, filed on February 25, 1997, 
which is a continuation of application no. 08/503,987, filed on July 19, 1995, which is a continuation-in-part of 
application no. 08/415,960, filed on April 3, 1995."-- 

9. s New formal drawings are enclosed. 

10. o Priority of foreign application number , filed on in 

is claimed under 35 U.S.C. 11 9(a) - (d). 

□ The certified copy has been filed in prior application number _/ , filed . 

1 1 . □ A preliminary amendment is enclosed. 

12. Ki The prior applications are assigned of record to Momentum Laser. Inc. 

13. □ Also enclosed: 

14. s The power of attorney in the prior applications is to: Robert Moll Wilson Sonsini Goodrich & Rosati 


a. Ei The power of attorney appears in the original papers in the prior application, 

b. □ Since the power does not appear in the original papers, a copy of the power in the prior application is 

enclosed. 

c. s Address all future correspondence to: (May only be completed by applicant, or attorney or agent of 

record.) 

Robert Moll Esq. 

Wilson Sonsini Goodrich & Rosati 


650 Page Mill Road, Palo Alto. California 94304-1050 


Robert Moll 
Reg. No. 33,741 


Date 


CERTIFICATE OF MAILING BY "EXPRESS MAIL" 

"Express Mail" Mailing Label No. EM039087379US 

Date of Deposit: September 24, 1997. I hereby certify that this 

paper or fee is being deposited with the United States Postal Services 

"Express Mail Post Office to Addressee" service under 37 CFR LIO on 

the date indicated above and is addressed to the Assistant Commissioner 

for Patents, Washington, D.C. 20231 
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CERTinCATE OF MAIUNG BY "EXPRESS MAIL" 
"Express MaU" Mailing Ubel No. TB81204958X US 
Dite of Deposit: Juty 19. 1995. I hereby certify ftat this 
paper or fee is being deposited with ibe United States Postal 
Services with sufKcient postage as "Express Mail Post Office 
to Addressee" service under 37 CFR 1.10 on the date indicated 
above and is addressed to die Commissioner of Patents and 
Trademarks. Washington. D,C. 20231 

^^^^^^^^ 

CArneK^A/l^ K L.(AiA. PATENT 
^ Attorney Docket No. 15758J02 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In re continuation-in-part Application of: 
DAWEI DONG 

Prior Application No. 08/415,960 

Prior Application Filed: April 3, 1995 Examiner: Unknown 

For: LASER LEVEL Prior Art Unit: 2501 

REOUEST FOR FILE WRAPPER 
CONTINUING APPLICATION UNDER 37 C.F.R. S1.62 

Commissioner of 
Patents and Trademarks 
Washington, D.C. 20231 

Dear Sir: 

This is a request for filing a [ ] continuation [x] continuation-in-part [ ] divisional 
application under 37 C.F.R. §1.62 of the above-referenced prior application by the following 
named inventor(s): 


Full Name: Dawei Dong 
Citizenship: United States of America 

Residence: 4450 Enterprise Street, Fremont, California 94538 
Address: Same 
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The above-referenced prior application, in which no payment of the issue fee, 
abandonment of, or termination of proceedings has occurred, is hereby abandoned as of the 
filing date of this new application in accordance with 37 CFR 1.62. Please use all the contents 
of the prior application file wrapper, including the drawings, as the basic papers for the new 
application. (Note: 37 C.F.R. §1.60 may be used for applications where the prior application is 
not to be abandoned.) 

It is understood that secrecy under 35 U.S.C. §122 is hereby waived to the extent that if 
information or access is available to any one of the applications in the file wrapper of a 37 
C.F.R. §1.62 application, be it either this application or a prior application in the same file 
wrapper, the Patent and Trademark Office may provide similar information or access to all other 
applications in the same file wrapper. 

1. [ ] Enter the amendment previously filed on under 37 C.F.R. §1.116, but 

unentered, in the prior application. 

2. [x] A preliminary amendment is enclosed. 

3. [x] A verified statement claiming small entity status was filed in prior Application No. 

08/415,960 filed on April 3, 1995. 

4. [x] The filing fee is calculated below on the basis of the claims existing in the prior 

application: 


Attorney Docket No. 15758.702 
Page No. 3 


CLAIMS WSl9XSt§KlM 


NO. OF 
CLAIMS 


EXTRA 
CLAIMS 

RATE 

FEE 

Basic Application Fee 

$730.00 

Total Claims 

6 

MINUS 20= 


x$22 = 


Independent 
Claims 

3 

MINUS 3 = 


x$74 = 


If multiple dependent claims are presented, add $240.00 

$240.00 

Total Application Fee 

$970.00 

If small entity status is claimed, subtract 50% of Total Application Fee 

$485.00 

TOTAL APPLICATION FEE DUE 

$485.00 


6. 
7. 

8. 


[X] 

[] 
W 

[] 
[] 


The Commissioner is hereby authorized to charge any fees under 37 C.F.R. 
§§1.16 and 1.17 that may be required by this paper, and to credit any 
overpayment, to Deposit Account 23-2415. A duplicate of this paper is enclosed. 

A check in the amount of $ is enclosed. 

Amend the specification by inserting before the first line the sentence: —The 
present application is a continuation-in-part of U.S. Application No. 08/415,960, 
filed April 3, 1995.-- 


., filed on 


9. 

10. 

11. 


[] 
[X] 

[] 


Priority of Application Serial No. 
claimed under 35 U.S.C. §119. 


The certified copy of the priority application 
[ ] is enclosed 

[ ] was filed on in prior Application Serial No. 

on 

[ ] has not yet been filed. 

The prior application is assigned of record to: 

Enclosed is an executed Declaration. 

Enclosed is the Revocation and New Power of Attorney. 


in (country) is 


.; filed 
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12. [x] The power of attorney in the prior application is to Robert Moll, Registration No. 
33,741; Stephen C. Durant, Registration No. 31,506; Michael Hetherington, 
Registration No. 32,357; Adit Khorana, Registration No. 38,512; Michael J. 
Murphy, Registration No. 37,404; and Michael Panepucci, Registration No. 
32,553. 

a. [x] The power appears in the original papers in the prior 

application. 

b. [ ] Since the power does not appear in the original papers, a copy of the 

power in the prior application is enclosed. 

c. [ ] Recognize as Associate Attorneys: 

d. [x] Address all future communications to: 

Robert Moll, Esq. 

Wilson, Sonsini, Goodrich & Rosati 

650 Page Mill Road 

Palo Alto, CA 94304-1050 

Tel: (415) 493-9300; and Fax: (415) 493-6681 
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13, [x] Enclosed are Figures 15A, 15B, 15C, 16A, 16B, 17A, 17B, 17C, 18, 19, and 20 
described in the enclosed preliminary amendment: 


Respectfully submitted, 


Robert Moll 
Registration No. 33,741 


Wilson, Sonsini, Goodrich & Rosati 
650 Page Mill Road 
Palo Alto, California 94304-1050 
(415) 493-9300 


CERTIFICATE OF MAIUNG BY "EXPRESS MAIL" 
"Express Mail" MaUing Ubet No. TB81204938X US 
Date of Deposit: July 19. 1995. I hereby certify that this 
paper or fee ii being deposited with the United States Postal 
Services with sufficieat postage as "Express Mail Post OSke 
to Addressee" service under 37 CFR 1.10 on the date indicated 
above and is addressed to the Commissioner of Patents and 
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Attorney Docket No. 15758.702 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In re continuation-in-part Application of: 
DAWEI DONG 

Prior Application No. 08/415,960 

Prior Application Filed: April 3, 1995 Examiner: Unknown 

For: LASER LEVEL Prior Art Unit: 2501 

PRELIMINARY AMENDMENT 

Commissioner of 
Patents and Trademarks 
Washington, D.C. 20231 

Dear Sir: 

Prior to examination of the above-identified patent application, please enter the following 
amendment and consider the following remarks. 
IN THE DRAWINGS : 

Please add new Figures 15A, 15B, 15C, 16A, 16B, 17A, 17B, 17C, 18, 19, and 20: 
IN THE SPECIFICATION : 

Page 1, before line 1, please add as follows —The present application is a continuation-in- 
part of U.S. Application No. 08/415.960, filed April 3, 1995.-- 

On page 5, at line 24, please insert the following: 
—Figure 15A is a cross-sectional view of an embodiment of a laser diode module. 
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Figure 15B is a front view of an embodiment of a laser diode module. 
Figure 15C is a front view of another embodiment of a laser diode module. 
Figure 16A is a top view of an upper plate. 
Figure 16B is a side view of an upper plate. 

Figures 17A-C illustrate a preferred embodiment of the invention where a counter-clockwise 
rotation of a thumb screw causes the spirit vial bubble to move to the left. 

Figure 18 is a side cross-sectional view of a leveling system. 

Figure 19 is a top view of a leveling plate. 

Figure 20 is a front cross-sectional view of the 
leveling system.— 

On page 7, line 19, please insert the following: 

-A suitable coUimating laser diode module is part no. 06DLL645 made by Melles Griot Inc. of 
Boulder, CO.- 
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On page 23, at line 15, please insert the following: 

"Figure 15A is a cross-sectional view of another embodiment of the laser diode module 199. In 
this embodiment, the laser diode module 199 includes an outer casing 200 preferable made from 
a rigid metal such as brass. As shown a hole 201 is machined in the left side of the outer casing 
200. The hole 201 includes a threaded section 204 which extends from the left outer edge of the 
outer casing 200 towards the central portion of the outer casing 200. A lens 206 is pressed into 
a cylindrical lens mount 208. A suitable lens is part no. M23,021 available from Edmund 
Scientific Company of Barrington, New Jersey. A suitable cylindrical lens mount 208 can be 
fabricated out of injection molded ABS plastic. The cylindrical lens mount 208 preferably 
includes threads on the outer surface that mate with the threaded section 204 of the hole 201. 
The lens mount 208 holding the lens 206 is screwed into the threaded section 204. A second 
hole 205 is machined into the outer casing 200. The second hole 205 is concentric with the first 
hole 201. The diameter of the second hole 205 matches the diameter of a laser diode 209. A 
suitable laser diode 209 is part no. HL6714G made by Hitachi America, Ltd, of Brisbane, CA. 
The second hole 205 preferable fits the laser diode 209 very snugly so as to promote thermal 
conduction to dissipate the heat generated by the laser diode 209 during normal operation, A 
third hole 207 is machined into the right side of the outer casing 200 and is concentric to the 
second hole 205. The second hole 205 connects the holes 201 and 207. The laser diode 209 is 
mounted to a spacer 212 and is soldered to a printed circuit board (PCB) 211. Also on the PCB 
211 is a power supply circuit 214 to drive the laser diode 209. A suitable spacer 212 is 
preferably fabricated out of plastic. A suitable power supply circuit 214 is the power circuit 
shown on page 35 of application note 465-5445 from Toshiba America Electronics Corporation 
of Sunnyvale, California. The positive terminal of the power supply circuit 214 is wired to the 
outer casing 200. The ground of the power supply circuit 214 is wired to a solder point 213 on 
a connector board 216. When assembled, the solder point 213 is aligned with the mechanical 
axis of the outer casing 200. A suitable material for the connector board 216 is a conventional 
PCB material. Insulation is applied to the inside of the hole 207 so as to fix in place: the laser 
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diode 209, the spacer 212, the PCB 211, and the connector board 216, A suitable insulation 
material is Plasti-Dip made by PDI of Circle Pines, MN, 

When fully assembled, a positive voltage, for example 4.5 V, is applied to the outer casing 200 
and ground is applied to solder point 213 causing the laser diode 209 to lase. At this point the 
lens mount 208 containing the lens 206 is screwed along threaded section 204 until the laser 
focuses to a 5-10 mm spot on a target approximately 5 meters away. The exact spot size and 
distance are not critical. An outer shoulder 202 is machined along the left edge of the outer 
casing 200. The shoulder 202 surrounds the outer casing 200 and is centered about its 
mechanical axis. Although the shoulder 202 is shown in Figure 15A on the left side, the 
shoulder 202 can be anywhere along the length of the outer casing 200. 

Figure 15B is a view of the laser diode module 199 taken along the line J-J. A set of ridges 215 
are machined along die edge of the outer shoulder 202. The exact number of ridges 215 around 
the shoulder 202 is not important. In still another embodiment shown in Figure 15C, the 
shoulder 202 has a number of holes 217 along the perimeter of the shoulder 202. Referring to 
Figure 7, the laser diode 199 is inserted into the cylindrical hole 38. The shoulder 202 stops the 
laser diode 199 from sliding through the cylindrical hole 38. The ridges 215 or holes 217 can 
be used to rotate the laser diode module 199 around the mechanical axis of the cylindrical hole 
38. Thus the laser diode module 199 is extremely conducive to the alignment method described 
earlier, for example, at pages 9-11. 

Figure 16A is a top view of an integral upper plate for aligning a set of spirit vials with respect 
to a rotating shaft. An upper plate 250 is preferably machined out of a rigid material such as 
aluminum or die cast aluminum alloy 383. A hole 252 is machined perpendicular to the top 
surface 251 of the upper plate 250. Referring to Figure 16B, a front view of the upper plate 250 
taken along line K-K, and Figure 8, the bottom surface 253 of the upper plate 250 is preferably 
attached to the top surface 9 of the upper case 2. Referring to Figures 16A and 8, the hole 252 
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is machined to be the same diameter and concentric to the circular orifice 5. As before in 
Figure 8, the hole 252 shown in Figure 16B will determine a Z-axis of rotation. As shown in 
Figures 16A-B, two holes 254, 256 are machined to be perpendicular to the hole 252. The 
mechanical axis of the hole 256 determines a Y-axis which is perpendicular to the Z-axis of 
rotation. The mechanical axis of the hole 254 determines an X-axis which is also perpendicular 
to the Z-axis of rotation. Two cylindrical spirit vials 255, 257 are inserted into the holes 254, 
256, respectively. A suitable vial is part no. 0349 made by Empire Level Mfg. Corp. of 
Milwaukee, WI. Referring to Figure 16B, the upper plate 250 includes an arm 260 which 
includes a machined hole 258. The hole 258 is offset and parallel to the hole 252. A cylindrical 
spirit vial 259 is inserted into the hole 252. A suitable vial 259 is part no. 0224 made by 
Empire Level Mfg. Corp. of Milwaukee, WL 

In the horizontal orientation illustrated in Figure 8, if the vials 255, 257 are leveled the laser 
level 1 will project a level horizontal plane of laser light. In the vertical and plumb orientation 
illustrated in Figures 13A and 13B, if the vial 258 is leveled then the laser level 1 will project a 
vertical plane of laser light that is perpendicular to a level horizontal plane. The upper plate 250 
eliminates the need to machine the top surface 3 to be perpendicular to the circular orifice 5 as 
shown in Figure 8. It also eliminates the need to machine the bottom and top surfaces of the 
caps 76 and 78 to be flat and parallel as shown in Figures 10-lL 

In an alternate embodiment of the invention. Figure 18 illustrates a cross-sectional view of a 
leveling system. The leveling system consists of three major components: a bottom plate 280, a 
leveling plate 284, and a base plate 296, All three components are preferably machined from a 
rigid material such as aluminum, A suitable alternative material is injected molded 
polypropylene plastic. The bottom plate 280 includes a locating bracket 281 integrally extending 
from the top left side of the bottom plate 280. A locating hole 283 is machined into the locating 
bracket 281. 
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Figure 20, a front view of the leveling system, shows a corresponding locating bracket 285 and 
a locating hole 287 on the right side of the bottom plate 280. The locating brackets 281, 285, 
and locating holes 283, 287, are used to locate the lower case 4 as shown in Figure 8 on the 
bottom plate 280. The distance between the inside of the locating brackets 281, 285, 
corresponds to the width of the lower case 4. Two holes (not shown) are machined and threaded 
in the lower case 4 so that they are concentric to the locating holes 283, 287, when the lower 
case 4 is placed on the bottom plate 280. A thumb screw 289 and a corresponding thumb screw 
(not shown) is used to lock the lower case 4 to the bottom plate 280. A suitable thunib screw is 
part no. 9T41-B8399116 made by Stock Drive Products of New Hyde Park, New York. A half 
hinge 282 integrally extends along the right bottom edge of the bottom plate 280. 

Figure 19 is a top view of the leveling plate 284, including a matching half hinge 291 extending 
from the right top edge of the leveling plate 284. Referring to Figures 19 and 20, a pin 293 
couples together the half hinges 282 and 291. A suitable pin 293 is part no. A9Y35-0444 made 
by Stock Drive Products of New Hyde Park, New York. The half hinges 282, 291, are 
machined and assembled so that die bottom plate 280 pivots around the pin 293, An U-shaped 
or circular-shaped mitt 305 integrally extends from the bottom, front, center of the bottom plate 
280 as shown in Figure 20. A steel ball 292 of slightly larger diameter than the inner opening 
of the mitt 305 is press fit into the mitt 305. A suitable steel ball is part no. A9Y71-06 made by 
Stock Drive Products of New Hyde Park, New York. Attached to the bottom left comer of the 
bottom plate 280 is one end of a biasing spring 306. A suitable spring is part no. 
S78ESY-006008025 made by Stock Drive Products of New Hyde Park, New York. The other 
end of the spring is attached to the top left comer of the base plate 296. 

Figure 19 is a top view of the leveling plate 284, including two holes 307, 308, which are 
machined into the left center and front center of the leveling plate 284, respectively. The holes 
307, 308 are perpendicular to each other. Thumb screws 298, 299 are inserted respectively into 
the holes 307, 308. A suitable thumb screw is part no. 9T41-R8399134 made by Stock Drive 
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Products of New Hyde Park, New York. The thumb screws 298, 299 can be held in place using 
retainer rings 309, 310, respectively. A suitable retainer ring is part no. A9Q290-15 made by 
Stock Drive Products of New Hyde Park, New York. Two adjustment blocks 290, 302 are 
threaded onto respectively the thumb screws 299, 298. The width of the blocks 290, 302 fit 
within the holes 308, 307, respectively. Suitable adjustment blocks 290, 302 are preferably 
machined out of brass and then nickel plated. As shown in Figures 18-20, the adjustment blocks 
290, 302, each include an inclined surface 311, 312, respectively. As shown in Figure 20, the 
inclined surface 312 of adjustment block 302 contacts the ball 304. As shown in Figure 18, the 
inclined surface 311 contacts the ball 292. The adjustment blocks 290, 302 include threads 
matching the threads of the thumb screws 299, 298. As the thumb screws 298, 299 are rotated 
the adjustment blocks 302, 290 move along the length of the holes 307, 308. A half hinge 294 
integrally extends from the bottom, left rear corner of the leveling plate 284. 

Referring to Figure 18, a matching half hinge 295 integrally extends from the top left side of the 
base plate 296. A pin 297 couples together the two half hinges 294 and 295. A suitable pin 297 
is part no. A9Y35-0444 made by Stock Drive Products of New Hyde Park, New York, The 
half hinges 294, 295 are machined and assembled so the leveling plate 284 pivots around the pin 
297. An U-shaped or circular shaped mitt 303 integrally extends from the top center of the base 
plate 296. A steel ball 304 is press fit into the mitt 303 as described earlier. A suitable steel 
ball 304 is part no. A9Y71-06 made by Stock Drive products of New Hyde Park, New York. 

When the leveling system is assembled, the bottom plate 280 rests above the leveling plate 284, 
which in turn rests above the base plate 296. The steel ball 292 is coupled tightly to the 
adjustable block 290 due to the tension of the spring 306 (Figure 20). As the thumb screw 299 
is rotated counter-clockwise the adjustment block 290 will move to the left. Because of the 
inclined surface 311 of the adjustment block 290, the bottom plate 280 will pivot about the pin 
293. Figure 18 is one orientation of the block 290 such that a counter-clockwise rotation of the 
thumb screw 299 will raise the bottom plate 280 about the pin 293. Rotating die adjustment 
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block 290, 180 degrees will cause a counter-clockwise rotation of the thumb screw 299 to lower 
the bottom plate 280 about the pin 293. 

Referring to Figure 20, the steel ball 304 is coupled tightly to the adjustable block 302 due to 
the tension of the spring 306, As the thumb screw 298 is rotated counter-clockwise the 
adjustment block 302 will move to the right. Because of the lower inclined surface 312 of the 
adjustment block 302, the leveling plate 284 will pivot about the pin 297 as shown in Figure 18. 
Figure 20 illustrates an orientation of the block 302 such that a counter-clockwise rotation of the 
thumb screw 298 will raise the leveling plate 284 about the pin 297 (Figure 18). Rotating the 
adjustment block 302, 180 degrees will cause the counter-clockwise rotation of the thumb screw 
298 to lower the leveling plate 284 about the pin 297 (Figure 18). 

Figures 17A-C illustrate a preferred embodiment of the invention where the adjustment block 
290 is oriented such that a counter-clockwise rotation of the thumb screw 299 causes a bubble 
301 to move to the left and a clockwise rotation of the thumb screw 299 causes the bubble 301 
to move to the right. Thus, the user can intuitively adjust the laser level 1 for operation.-- 
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REMARKS 

The preliminary amendment adds new description to the prior application. Applicant 
respectfully requests an early examination. 


Respectfully submitted, 


Robert Moll 
Registration No. 33,741 


Wilson, Sonsini, Goodrich & Rosati 
650 Page Mill Road 
Palo Alto, California 94304-1050 
(415) 493-9300 
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Laser Level 
Named Inventor: Dawei Dong 


Background of Invention: 


The present invention relates generally to leveling instruments, and more 
particularly, relates to a laser leveling instrument capable of multiple modes 
of operation. The present invention is related to Disclosure Document No. 
366475, entitled. Laser Level, filed on December 8, 1994. 

Laser levels have been used in construction for many years. They typically 
seek to produce a plane of light for a reference for construction projects. 
Laser levels have been used for large scale construction projects like 
commercial excavating, laying foundations, and installing drop ceilings. 
Laser levels save considerable time during initial layout of a construction 
job compared to other tools such as beam levels, chalk lines, or torpedo 
levels. Some examples of jobs where laser levels would be useful mclude 
laying tile, mounting cabinets, installmg counter tops, and building outdoor 
decks. Because these laser levels can typically cost thousands of dollars, 
only those who regularly land larger construction projects can justify 
purchasing a laser level. Laser levels have not achieved widespread 
adoption by the general public despite the time savmgs because of their 
initial cost of ownership. The expense can be attributed to the cost of 
suitable laser sources such as He-Neon laser and associated optical system 
used to manipulate the beam generated by the laser source. 


Sunmiarv of Invention : 
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The present invention relates to a laser level instrument. In one 
embodiment, the present invention employs a laser diode module as the 
5 laser source and optical system. The present invention can generate a level 

plane of light or a level line of light v^hich can be a layout reference. 
Instead of defming an optical path by using expensive optical components 
and complex alignment procedures to manipulate the laser beam, the 
invention is capable of using relatively inexpensive optical components and 

10 novel alignment procedures to permit use of laser diode modules. In 

another feature, the invention provides a novel method where the existing 
laser beam output from a low cost laser diode module can be aligned to be 
perpendicular to the rotational axis of the laser level instrument. The 
method can dramatically decrease the cost of the necessary optical system 

15 used in the laser level. Thus the cost barrier which prevents the public 

from adopting the laser level as a general purpose tool is greatly reduced. 

In a feature of the present invention, a method is provided to align die laser 
beam output from a laser module so that it is perpendicular to the main 

20 shaft. In one method, the low cost laser diode module is installed in a 

laser module housing which is attached to a main shaft. The main shaft 
defines a rotational axis of the laser level and is mounted in the top surface 
of an outer casing. The top of the outer casing is machined so that it is 
flat. When mounted, the main shaft is perpendicular to the top surface of 

25 the outer casing and the laser beam is parallel to the top surface of the 

outer casing. Inside the outer casing, in one embodiment, the main shaft is 
installed in an oil-less bearing coupled by a pulley to the shaft of a motor 
whose rotational axis is parallel with the main shaft. The motor causes the 
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laser module housing to rotate. A spirit level can be used as a reference to 
level the top surface of the outer casing. Once the top surface of the outer 
casing is level, the rotating laser beam is capable of generating a level 
reference plane of light. The outer casing is mounted on an adjustable base 
5 plate. The outer casing can be mounted on the base plate in a number of 

orthogonal orientations to generate, for example, horizontal, vertical, and 
plumb reference planes of light. 

It is an object of tiae present invention to provide a means to oscillate the 
10 module housing. This creates a reference line of light which is 

significantly more visible than die fore-mentioned reference plane. The 
reference line of light is rotatable around the rotational axis of the laser 
level. The reference Ime of light is rotatable both manually and 
automatically via remote control. 

15 

It is another object of die present invention to provide a means to install a 
plurality of laser diode modules into the module housing. When the laser 
module housing is rotated or oscillated, then a respective reference plane or 
reference line generated will be significantly more visible compared widi a 
20 laser module housing which has just a single laser diode module installed. 

When the module housing is not rotating or oscillating, the user may 
project a plurality of laser light dots on any flat target. The user then may 
then draw a level line by connecting the laser dots on the target surface. 

25 It is another object of the present invention to provide a means to 

simultaneously generate a perpendicular cross-hair reference line of light 
relative to the reference plane of light. The perpendicular reference line of 
light is produced by an accessory to the laser level. The accessory consists 
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of two mirrors positioned to reflect a portion of the reference plane of 
light. The first mirror reflects a portion of the reference plane ninety 
degrees into the second mirror. The second mirror reflects the laser beam 
another ninety degrees and generates a perpendicular cross hair reference 
relative to the original reference plane of light. The cross hair reference 
can be generated anywhere along the original reference plane of light by 
rotating the accessory around the laser levels rotational axis. 

Brief Description of Drawings : 

Figure 1 is a diagram showing die effect of an inaccurate beam alignment. 

Figure 2 is a diagram of a simple collimating optical system. 

Figure 3 is an illustration of typical alignment tolerances found in standard 
low cost laser diode modules. 

Figure 4 is a diagram of a typical laser beam path found in standard low 
cost laser diode module. 

Figure 5 is an illustration of random laser beam paths emitted from a 
standard low cost laser diode module. 

Figure 6 is an illustration of the front view of an alignment target. 
Figure 7 illustrates a front view of an alignment station. 
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Figure 8 illustrates a side cross-sectional view of a laser level without a 
cap. 

Figure 9A illustrates a front cross-sectional view of the laser level with a 
cross hair accessory attached. 

Figure 9B illustrates the cross-hair accessory. 

Figure 10 illustrates a side cross-sectional view of an embodiment of a cap. 

Figure 11 illustrates a front cross-sectional view of another embodiment of 
a cap. 

Figure 12 illustrates a partial cut away view of the top of the laser level 
with a cap installed. 

Figure 13 A illustrates a cross sectional view of a possible orthogonal 
orientation of a case. 

Figure 13B illustrates a partial cut away view of another possible 
orthogonal orientation of a case. 

Figures 14A-D illustrates the oscillation movement of the laser level. 
Detailed Description of the Preferred Embodiments : 


A laser level includes a laser beam that is rotated around a rotational axis. 
The optical system is extremely important to a laser level because the 
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optical system is what manipulates the laser beam so that it can be aligned 
precisely perpendicular to the rotational axis of the laser level. It is 
important that the laser beam can be therefore aligned to be exactly 
perpendicular to the rotational axis. A properly aligned laser beam will 
create a level plane of the same height from a reference no matter how far 
or how close the target surface is from the laser level. When a laser beam 
that is not aligned to be perpendicular to the rotational axis, it will create a 
reference line which varies in height depending on how far or how close 
the target is away from the laser level instrument. 

Figure 1 illustrates a properly aligned laser beam 122 and an improperly 
aligned laser beam 124. Beam 122 is perpendicular to tiie Z-axis of 
rotation. Beam 122 is projected on two vertical targets: target 128 and 
target 130. Target 128 is some distance "x" from the laser source 126. 
Target 130 is an additional distance "delta x" away from target 128. The 
difference in vertical height between the point where the beam 122 hits 
target 128 and the point where the beam 122 hits target 130 is zero. Beam 
124 is not perpendicular to the rotational axis Z. Beam 124 is some angle 
theta away from the perpendicular. Beam 124 is projected on the same 
targets 128 and 130. The difference in height between the point where 
beam 124 will hit target 128 and the point where the beam 124 will hit the 
target 130 will be different by some distance "delta H". This will create 
significant problems. For example, if a laser level is located at the center 
of a square room and the beam is aligned like beam 124, the laser level 
will be incapable of drawing a correct level reference line on the four 
walls. This will typically make the laser level unusable for many 
applications. 
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One attempt to properly align the laser beam with respect to the rotational 
axis Z involves use of relatively expensive optical components and time 
consuming alignment procedures. Figure 2 is a schematic of such a 
representative system. The optical axis O is the central axis of the lens 
120. The mechanical axis M is die central axis of the outer housing 116 
encasing the laser diode source 114 and the associated lens 120. From a 
practical perspective, it is the mechanical axis M which must be aligned 
perpendicular to the rotational axis Z and the beam 118 should be 
coUunated with respect to the mechanical axis M. However, a meticulous 
alignment process is required to produce the coUimated beam 118. The 
optical axis O of the lens 120 needs to be aligned with the mechanical axis 
M of the housing 116. The laser diode source 114 must be then aligned on 
the optical axis O. In short, the laser diode source 114 and the lens 120 
must be aligned so they are concentric with respect to each other. Third, 
the laser diode source 114 must be one focal length F from the lens 120 
along the optical axis O. The lens 120 required in such a coUimating 
system is relatively expensive because it needs to be relatively free of lens 
defects such as spherical aberrations, coma, and astigmatism. 

In order to make an affordable laser level the cost of the optical system 
including the lens must be reduced and the cost of aligning the optical 
system must be lowered. The present invention achieves this cost reduction 
by a method to adapt a standard low cost, non-precision optical system so 
that it is usable in a precision laser level instrument. 

In one embodiment, the present invention employs a low cost laser diode 
module such as that used in laser pointers. These laser diode modules 
include a laser diode source and an optical system integrated in an outer 
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housing. The optical components are inexpensive and the alignment 
process is quick and simple. A standard low cost laser diode module 
consists of a laser diode source, a printed circuit board for mounting the 
source, an inexpensive converging lens and an outer housing. One suitable 
5 laser diode module is the VLM-670 available from Quarton Company of 

Taipei, Taiwan. 

Figure 3 illustrates the alignment tolerances found in a typical low cost 
standard laser diode module 131. In a typical manufacturing process for 

10 these laser diode modules, the laser diode 132 is glued to the printed circuit 

board 134. The printed circuit board 134 with the laser diode 132 is 
installed into the outer housing 136 along with the lens 140. The lens 140 
and laser diode 132 are then adjusted so that the beam 138 focuses on a 
target (not shown), for example, 5-10 meters away from the laser diode 

15 132. Litde attention is paid to placing the laser diode 132 one focal length 

from the lens or aligning the laser diode 132 so that it is concentric to the 
lens 140. The mechanical axis M and the optical axis O are typically not 
aligned. The beam 138 is typically not collimated relative to the 
mechanical axis M. 

20 

Figure 4 shows a typical laser beam 146 found in a standard low cost laser 
diode module 149. Instead of coUimating with respect to mechanical axis 
M the beam 146 will likely converge on a spot 147 some radial distance R 
from the mechanical axis M. 


The optical system found in a standard low cost laser module is believed to 
be unusable in a typically laser level instrument application. Each laser 
diode module will produce a laser beam which will vary in some 
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unpredictable angular relationship with respect to the mechanical axis M. 
Figure 5 illustrates this relationship with three laser diode modules 156, 
158, and 160 aligned on mechanical axes Ml, M2, and M3 and emanating 
laser beams 150, 152, and 154. 

The present invention provides a method for aligning the beam emanating 
from a standard low cost laser diode so that it is perpendicular to the 
rotational axis of a laser level. In one embodiment, the method includes 
use of an alignment target 81 and an alignment station 83 as shown in 
Figures 6-7. In a preferred embodiment, the alignment target 81 is shown 
on a vertical wall in the plane of the sheet (Figure 6). The alignment 
target 81 has a vertical reference line 80 and a horizontal reference line 82 
which are perpendicular to each other. The vertical reference line 80 is 
assumed to be normal to the earth^s surface. The size of the alignment 
target 81 is preferably 4 feet in diameter, though the exact size is not 
critical. 

Referring to Figure 7, a preferred embodiment of an alignment station 83 is 
shown. For example, in Figure 7, the alignment station 83 includes a rigid 
table 84 with a flat upper surface 89 which can be adjusted to be level and 
parallel to the earth's surface and a rigid alignment fixture 86. The 
alignment fixture 86 is securely mounted on the table 84 and has a hole 88 
which is perpendicular to the table 84. The module housing 36 includes a 
main cylindrical shaft 37 which extends into the hole 88 in a snug manner 
so that the shaft 37 is normal to the earth's surface. The main shaft 37 is 
hollow to permit passage of wire leads (not shown) to the laser diode 
modules 38 and 39. The module housing 36 and main shaft 37 are 
preferably machined out of single block of metal such as stainless steel. 
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The main shaft 37 extends from the middle of the module housing 36 and 
defines a Z-axis of rotation. A slot 7 is machined in the center of the 
module housing 36 and is aligned with the Z-axis. The module housing 36 
preferably includes two cylindrical holes 91 and 93 for mounting two laser 
diode modules 38 and 39. As shown, the Z-axis of rotation defined by the 
shaft 37 is perpendicular to the horizontal axis H which intersects with the 
center axis of the cylindrical holes 91 and 93. 

The alignment target 81 and alignment station 83 are preferably at least 
about 15 meters from each other altiiough the exact distance is not critical. 
The alignment station 83 and the alignment target 81 are aligned so that the 
horizontal reference line 82 of the alignment target 81 (Figure 6) and the 
horizontal axis H of the module housing 36 are parallel to one another and 
in the same horizontal level plane with respect to the earth. One method to 
ensure the horizontal axis H and the horizontal Ime 82 are properly aligned 
is to use an auto-leveling laser level such as the 1142 XL LaserLevel 
manufactured by Spectra-Physics Corporation of Dayton, Ohio. The 
vertical reference line 80 of the target 81 will then be perpendicular to the 
table 84 of the alignment station 83 and parallel to the main shaft 37. The 
laser diode modules 38 and 39 are then inserted in the holes 91 and 93 in 
the module housing 36. The laser diode modules 38 and 39 fit snugly into 
the holes 91 and 93 of the module housing 36 but are still rotatable within 
the module housing 36. A laser diode module 38 is powered so that a laser 
beam strikes the target 81 (Figure 6) and causes a laser beam spot 85 to 
appear on the target 81. The laser beam spot 85 is used as an illustration. 
The actual laser beam spot 85 emitted by any given laser diode module will 
be typically located randomly somewhere on the target 81. It should be 
noted before the laser diode module 38 is powered the exact location of the 
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spot will not be predictable based on the orientation of the module 38 due 
to three factors: the non-centration between the laser source and the 
converging lens, the random distance between the laser source and the 
converging lens and the random alignment of the optical axis relative to the 
5 mechanical axis. As the laser diode module 38 is rotated inside the module 

housing 36 the laser beam spot 85 will rotate correspondingly. The laser 
diode module 38 is rotated until the laser beam spot 85 is centered along 
the horizontal reference line 82 of the target 81. At this point the position 
of the laser diode module 38 is fixed within the module housing 36 by a 

10 strong adhesive such as LocTite 640 made by LocTite of Cleveland, Ohio. 

In a preferred embodiment, two laser diode modules 38 and 39 will be 
rotated so the position of each laser beam dot generated by each laser diode 
module 38 and 39 will each be along the horizontal reference line 82. 
When both laser beam dots are adjusted in this manner both laser beams 

15 emitted from the laser diode modules 38 and 39 will be perpendicular to 

the main shaft 37. 


Figure 8 illustrates a cross-sectional view of an embodiment of the laser 
level 1 not having a cap in place and taken along line A-A of Figure 12. 

20 Figure 8 shows the laser level 1 with four major components: an upper 

case 2, a lower case 4, a base plate 54, and a wall mount 50. The upper 
case 2 and the lower case 4 are both hollow in the middle. Each of the 
four major components should be made of a rigid material such as injection 
molded ABS plastic. The upper case 2 includes a flat upper surface 3 upon 

25 which rests a cap such as that shown in Figures 10-11. An alternative 

embodiment includes a flat upper surface 3 that is cast out of metal and 
rigidly attached to the upper case 2. A circular orifice 5 is bored into the 
top surface 9 of the upper case 2. The orifice 5 is perpendicular to the 
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upper surface 3 . An oil-less bearing 28 is pressed snugly into the orifice 5 
so the bearing 28 is fixed with respect to the upper case 2. One suitable 
bearing is a bronze-oil impregnated bearing part no. B6-54 available from 
Motion Industries of Santa Clara, California. The module housing 36 
contains laser diode modules 38 and 39 which are aligned with respect to 
the shaft 37 as described earlier. The module housing 36 also includes a 
main shaft 37 which is inserted into die oil-less bearing 28. One suitable 
material for the main shaft 37 is type 303 stainless steel. The outer surface 
of the main shaft 37 is machined and polished so that it is smooth. The 
resultmg fit between die oil-less bearing 28 and the shaft 37 is snug, but 
the shaft 37 can be freely rotated inside the oil-less bearing 28. A retainer 
ring 30 is used to retain a main pulley 24 to the bottom of the oil-less 
bearing 28. One suitable retainer ring 30 is a 3/8 inch stainless steel 
retainer ring part no. Q2-37 available from Motion Industries of Santa 
Clara, California. A suitable main pulley 24 can be made from nylon. 
The main pulley 24 is rotated around the oil-less bearing 28. 

The main pulley 24 secures a set of upper-magnets 25, A suitable set of 
magnets 25, for example, are the M35,500, 1/4 inch diameter, 3/16 inch 
thick magnets made by Edmund Scientific Company of Barrington, New 
Jersey. The main pulley 24 is coupled to a small pulley 20 by means of a 
pulley belt 22. A suitable pulley belt is the STS-70-226, 1/16 inch 
diameter "O" rmg manufactured by Winfred M. Berg Inc. of East 
Rockaway, New York. A suitable small pulley 20 can be made of nylon. 
The small pulley 20 is fitted to the shaft 100 of a DC motor 14. A suitable 
DC motor is the 273-273, 65 mA, 1.5v to 4.5v DC motor with gear 
available from Radio Shack of Milpitas, California. A frame 16 (Figure 
9 A) attaches the DC motor 14 to the interior wall of the upper casing 2 by 
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the bolts 17 and 101. A suitable frame is molded out of same injection 
molded ABS plastic used, for example, for the upper case 2. A free wheel 
32 shown in Figure 8 is rigidly attached to the main shaft 37 by a nylon 
screw 34. A suitable free wheel 32, for example, is fabricated out of 
5 nylon. A suitable nylon screw 34 is a 6/32 - 1/2 inch nylon screw. The 

screw 34 is hollow in the center which permits passage of an electrical lead 
19. The electrical lead 19 is soldered to a ball contact 35 which is 
supported by the head of the screw 34. The ball contact 35 is made of 
stainless steel and is polished to be smooth to ensure continuous smooth 
10 electrical contact with a brush contact 18. 

The free wheel 32 holds a set of lower magnets 26. A suitable set of lower 
magnets 26 are the M35,500, 1/4 inch diameter 3/16 inch thick magnets 
made by Edmund Scientific Company of Harrington, New Jersey. The 

^5 lower magnets 26 are substantially aligned with the set of upper magnets 25 

in the main pulley 24. The polarity of the upper magnets 25 and lower 
magnets 26 are oriented such that they are attracted to one another. As the 
DC motor 14 rotates the small pulley 20 rotates the pulley belt 22 which 
drives the main pulley 24. The rotation of the main pulley 24 and the 

20 attractive force between the upper magnets 25 and the lower magnets 26 

will cause the free wheel 32 to rotate which causes the main shaft 37 and 
the module housing 36 to rotate. 

An alternative embodunent is to orient the magnets 25 and 26 so they repel 
25 one another. 

As shown in Figure 8, the ball contact 35 rests on top of the brush contact 
18. The ball contact 35 is able to rotate freely relative to the brush contact 
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18. A suitable brush contact 18 can be fabricated out of stainless steel. A 
spring 162 supports the brush contact 18. A screw 164 supports the spring 
162. In alternative embodiment, the suitable brush contact 18 includes a 
bowl shaped round smooth upper plate (not shown) rather than a flat 
surface which makes continuous receiving contact with the ball contact 35. 
In either embodiment, electrical continuity exists between the brush contact 
18 and the ball contact 35 to provide electrical power through the electrical 
leads 19 to the laser diode modules 38 and 39. Suitable laser diode 
modules 38 and 39 are part no. VLM-670 available from Quarton 
Company of Taipei, Taiwan. The screw 164 is preferably screwed into the 
frame 16. A wire (not shown) is used to connect the brush contact 18 with 
a positive teraunal of a set of batteries 12. The ground path for the laser 
diode modules 38 and 39 is provided by the stamless steel outer casmg of 
the laser diode modules 38 and 39. The ground path is established by 
conductance between the stamless steel mam shaft 37, the stamless steel 
oil-less bearing 28, and a wire (not shown) connected to the negative 
termmal of the batteries 12. 

A LED indicator 10 is mounted to the front of the upper case 2. A 
suitable LED is the part no. 276-025 available from Radio Shack of 
Milpitas, California. When the power is applied to the laser diode modules 
38 and 39 the LED indicator 10 lights up. A switch 8 is also mounted to 
the front of the upper case 2. A suitable switch is the part no. 275-634 
available from Radio Shack of Milpitas, California. The switch 8 applies 
power to the laser diode modules 38 and 39. A second switch (not shown) 
is used to apply power to the DC motor 14. The lower case 4 is attached 
to the upper case 2 by means of screws (not shown). The bottom surface 
of the lower case 4 is flat. When properly attached to the upper case 2, the 
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bottom surface of the lower case 4 is parallel to the top surface 3 of the 
upper case 2. The lower case 4 contains the set of six batteries 12 used to 
power the laser level 1. A suitable battery for the set is size "AA" alkaline 
battery. A removable bottom cover 6 for the lower case 4 is used to 
5 provide access to the batteries 12. 

Figure 9A illustrates a front cross-sectional view of the laser level 1 with a 
cross-hair accessory 90. The cross-section of the laser level 1 is taken 
along line B-B of Figure 12. The base plate 54 has two rails 55, 59 

0 machined so that they are parallel and level with respect to each another. 

The bottom of the lower case 4 has two lower slots 57, 61, which are 
machined to be parallel and level to one another and parallel to the upper 
surface 3 of the upper case 2. The lower case 4 is mounted on the base 
plate 54 by sliding the lower case 4 onto the base plate 54 using the lower 

5 slots 57 and 61 and the parallel rails 55 and 59 as guides. The bottom and 

top surfaces of the base plate 54 are machined to be flat. Two threaded 
posts 102 and 104 are attached to the base plate 54 by each using a retainer 
ring (not shown). The threaded post 102 is attached the center of the outer 
left edge of the base plate 54. The threaded post 104 is attached the center 

0 of the outer front edge of the base plate 54. Suitable threaded posts 102 

and 104 can be fabricated out of stainless steel. The adjustable wheels 58, 
60 are threaded respectively into the posts 102, 104 to adjust the level of 
the base plate 54. A suitable adjustable wheel is the part no. 9330 screw 
with knurled knobs available from Rutland Industries of San Jose, 

5 California. One end of the universal joint 52 is attached to preferably the 

bottom right pan of the base plate 54. The opposite end of the universal 
joint 52 is attached to the wall mount 50 so that die base plate 54 is able to 
pivot around the universal joint 52 when the adjustable wheels 58, 60 are 
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rotated for height adjustments. A suitable universal joint 52 is the 
spherical bearing RJS-4 available from Motion Industries of Santa Clara, 
California. A threaded hole 56 for conventional camera or construction 
tripod (not shown) is bored into the bottom surface of the wall mount 50 to 
allow for convenient mounting on a standard camera or construction tripod. 
Two chassis holes 51 and 53 are drilled into the side surface of the wall 
mount 50 so that the laser level 1 can be conveniently mounted to a flat 
surface. In a preferred embodiment, the centerline of the chassis holes 51, 
53 define a line (not shown) within the plane where the laser level beam 
will be projected. For example, if the laser level 1 is used to define a 
horizontal line on a wall, the laser level 1 can be mounted on an opposite 
wall at the same height by lining the holes 51, 53 on that line. 

As shown in Figure 9A, the cross-hair accessory 90 fits on the upper 
surface 3 of the upper case 2. The accessory 90 has a first mirror 92 
aligned at the height of the projected laser beam 96, The first mirror 92 is 
angled at 45 degrees and reflects the laser beam 96 into the second mirror 
94. As shown in Figure 9B, a front view of the cross-hair accessory 90 
taken along the line F-F, the second mirror 94 is angled 45 degrees and 
reflects the laser beam 90 degrees. Suitable mirrors 92 and 94 are the 
M3 1,011 mirrors available from Edmund Scientific of Barrington, New 
Jersey. Consequently, a laser level 1 projecting a rotating horizontal laser 
beam 96 into the cross-haur accessory 90 will project a vertical line 
perpendicular with respect to the horizontal plane. 

Figure 10 illustrates a cross-sectional view of one embodiment of the cap 
76 of the present invention. Cap 76 fits on the upper surface 3 of the 
upper case 2 (Figure 8). Cap 76 is circular in shape. A suitable cap 76 
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can be fabricated out of type 6061 aluminum. When property mounted on 
the upper surface 3, the C-axis shown in Figure 10 will align with the Z- 
axis shown in Figure 8. The inner wail of the cap 76 will fit snugly 
against a outer wall 172 of a middle stair 170. The cap 76 is rotatable 
around the middle stair 170. The middle stair 170 is preferably fabricated 
out of a rigid material such as that used for the upper surface 3. The top 
and bottom surfaces of cap 76 are flat and machined to be parallel to each 
another, A circular spirit level 42 is mounted flush with the top of the cap 
76. A suitable spirit level 42 is the M42,763 available from Edmund 
Scientific Company of Barrington, New Jersey. Cap 76 is placed over the 
module housing 36 so that the bottom surface of the cap 76 is flush with 
the upper surface 3 of the upper case 2. A linear spring 72 is 
perpendicularly pressed into the side to the shaft 75. A suitable spring 72 
can be fabricated from 0.03 inch thick spring steel. A suitable shaft can be 
fabricated out of stainless steel. The length of the linear spring 72 extends 
from the shaft 75 to near the inner wall of the cap 76 and overlaps with a 
spacing contact 74 rigidly attached to the inner wall of the cap 76. A 
suitable spacing contact 74 can be fabricated out of aluminum. 

The present invention permits a number of different modes of operation 
using cap 76. The cap 76 shown in Figure 10 is placed on the laser level 1 
shown in Figure 8. Using the spirit level 42 as a reference, the laser level 
1 is correctly oriented with respect to earth by using the adjustable wheels 
58 and 60. An alternative embodiment places a spirit level or a plurality of 
spirit levels on the upper surface 3 of the main case 2 shown in Figure 8. 
After the laser level 1 has been leveled, the cap 76 is removed. The laser 
diode modules 38, 39 are then powered by toggling on an electrical switch 
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8. In the dot mode, two laser level beam dots appear on a flat target 
surface and can be used by an operator to draw a level reference line. 

In the plane mode, a second switch (not shown) is toggled on and the DC 
5 motor 14 is activated. The DC motor 14 rotates the main pulley 24 and 

the upper magnets 25 as described earlier in connection with Figure 8. 

Because the lower magnets 26 are attracted to the upper magnets 25, the 

freewheel 32 attached to the lower magnets 26 will rotate. Since the free 

wheel 32 is attached to the main shaft 37, the module housing 36 will also 
1-0 rotate. Since the beams emitted by the laser diode modules 38, 39 in the 

module housing 36 are aligned perpendicular to the main shaft 37, the laser 

level 1 will generate a level plane of reference light. 

In the short line mode, if the cap 76 is placed on the laser level 1, the 
15 module housing 36 will be coupled to the shaft 75 by the shaft tip 77 

(Figure 10) extending into the slot 7 (Figure 8) in the module housing 36. 
When the shaft tip 77 and the slot 7 are properly coupled, the laser diode 
modules 38 and 39 will emit out of a opening 110 of the cap 76. When the 
module housing 36 is rotated the linear spring 72 will be obstructed by the 
20 spacing contact 74. When this happens the entire module housing 36 will 

reverse the direction of rotation momentarily because the linear spring 72 
creates enough force to separate the lower set of magnets 26 from the 
upper set of magnets 25. The module housing 36 will then change back to 
the original direction of rotation when the upper and lower magnets 25, 26, 
25 are aligned and rotating togedier. This ongoing reversal of rotational 

direction will cause a short, very bright reference line to be generated on a 
flat target surface. The laser level 1 used without the cap 76 will generate 
a 360 degree reference plane. With the cap 76, the laser level 1 will 
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generate a short bright line which is useful in applications with brighter 
ambient light. 

Figure 1 1 illustrates a cross-sectional view of another embodiment of the 
5 present invention. This embodiment includes a cap 78 which fits on the 

upper surface 3 of the upper case 2. When properly mounted on the upper 
surface 3, the D-axis shown in Figure 11 will align with the Z-axis shown 
in Figure 8. The top and bottom surfaces of cap 78 are flat and machined 
to be parallel to each another. A circular spirit level 43 is mounted flush 

10 with the top of the cap 78. A suitable spirit level 43 is the M42,763 

available from Edmund Scientific Company of Barrington, New Jersey. 
Cap 78 is placed over the module housing 36 so that the bottom surface of 
cap 78 is flush with the upper surface 3 of the upper case 2 (Figure 8). A 
ruling shaft 70 is attached to the bottom of the cap 78 by means of a 

15 retainer ring 71. A suitable ruling shaft 70 can be fabricated out of 

stainless steel. The ruling shaft 70 is aligned along the D-axis. At the end 
of the ruling shaft 70 is a ruling shaft tip 79. When the cap 78 is properly 
fitted to the upper case 2, the ruling shaft tip 79 fits into the slot 7 (Figure 
8). 

20 

As shown in Figures 11 and 14A, a pivot arm 98 is attached to die ruling 
shaft 70. Figures 14A-D illustrate the oscillation mode of the laser level L 
Figure 14A is a partial cross-sectional view taken along die line G-G of 
Figure IL The pivot arm 98 is preferably metal and cylindrical shaped. 
25 A groove 106 is machined into the pivot arm 98. The groove 106 is 

machined to snugly fit a round peg 99. The round peg 99 is attached near 
an outside edge of an eccentric wheel 66. A suitable eccentric wheel 66 
and the peg 99 can be fabricated out of nylon. The outer edge of the 
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eccentric wheel 66 includes gear teeth. The center of the eccentric wheel 

66 with gear teeth is attached to a secondary shaft 67. The secondary shaft 

67 is attached to top surface of the cap 78 by means of a retainer ring 73. 
A suitable secondary shaft 67 can be fabricated out of stainless steel. 

As shown in figure 11, a motor 62 drives a gear assembly 64, for example, 
in the clockwise direction. The gear assembly 64 is coupled with the outer 
gear teeth of the eccentric wheel 66. A suitable motor 62 and gear 
assembly 64 is the DC motor with gear assembly part no. S-148 available 
from Futaba of Tokyo, Japan. Figures 14A-D illustrate how rotational 
movement by an eccentric wheel 66 converts into an oscillatory motion of a 
beam 108 projected by laser diode modules 38, 39. As the eccentric wheel 
66 rotates in the counter-clockwise direction, the pivot arm 98 pivots about 
the ruling shaft 70. Figure 14A illustrates the initial position of the pivot 
arm 98 relative to the ruling shaft 70. The peg 99 in the groove 106 is in 
the 3 o'clock position. As the eccentric wheel 66 rotates counter-clockwise 
90** around the secondary shaft 67, the far end of pivot arm 98 moves to 
the left in response to movement of the peg 99 which has moved to the 12 
o'clock position as shown in Figure 14B. Figure 14C shows the peg 99 in 
the 9 o'clock position after the wheel 66 rotates another 90*" counter- 
clockwise. Finally, Figure 14D shows the peg 99 in the 6 o'clock position 
after the wheel 66 rotates another 90"* counter-clockwise. The 
corresponding oscillatory pendulum-like movement of the laser beam 108 is 
shown in Figures 14A-D. 

Figure 12 illustrates a partial cut-away top view of the cap 78 installed on 
the laser level L The upper half of the Figure 12 above line A-A is cut 
away to show the mechanisms hidden beneath the cap 78. The outer gear 
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teeth of the eccentric wheel 66 is coupled with the gear assembly 64 which 
is driven by a DC motor 62. As shown, die DC motor 62 is mounted on 
the left side of die cap 78. When the DC motor 62 is activated it will 
cause the pivot arm 98 to pivot about the ruling shaft 70 as discussed 
earlier. 

When die cap 78 is properly fit on die top surface 3 of die upper case 2 die 
ruling shaft tip 79 (Figure 11) will fit into die slot 7 (Figure 8) and will 
oscillate the module housing 36. Anodier DC motor 44 is mounted on the 
right side of die cap 78. The shaft of die DC motor 44 is fitted widi a gear 
46 (Figure 11). A suitable DC Motor 44 widi gear 46 is part no. S-148 
available form Futaba of Tokyo, Japan. When die cap 78 is placed on die 
upper surface 3 of die upper case 2, die gear 46 will mesh widi an internal 
gear 48 (Figures 8 and 12). A suitable internal gear 48, for example is 
part no. SIE632-048A120 available from Designatronic, Inc. of New Hyde 
Park, New York. When die cap 78 is installed on die laser level 1 and the 
DC motor 44 is activated, die cap 78 rotates around die D-axis as shown in 
Figure 11. 

In anodier embodiment, die laser level 1 can be remotely activated by a 
printed circuit board (PCB) receiver 40 which is mounted into the cap 78. 
One suitable PCB receiver 40 is made by Ming Engineering Corporation of 
Los Angeles, California, which will receive an RF signal preferably 30 
Mhz sent by a compatible transmitter (not shown) also made by Ming 
Engineering Corporation. The signal is decoded by the receiver 40 and the 
DC motor 44 is activated via a conventional small relay (not shown). 
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In still another alternative embodiment of the cap 78, the PCB receiver 40 
and the DC motor 44 with gear 46 may be eliminated. In this case, the 
operator can rotate the cap 78 manually. 

5 As shown in Figure 12, power is provided to the cap 78 via a metal voltage 

ring 176 and a metal ground ring 174 which are attached to the upper 
surface 3. Two leads (not shown) attach the voltage ring 176 and the 
ground ring 174 to the batteries 12 shown in Figure 8. Another pair of 
leads (not shown) are attached to the bottom surface of the cap 78 and 
10 provides power for the DC motors 62 and 44 shown in Figure IL 

Cap 78 shown in Figure 1 1 is placed on the laser level 1 shown in Figure 
8, The ruling shaft tip 79 will extend into the slot 7 shown in Figure 8. 
Thus, the ruling shaft 70 will be coupled with the module housing 36 and 

15 the laser diode modules 38 and 39 (Figure 8) will emit out of an opening 

(not shown) in the cap 78. Using the spirit level 43 as a reference, the laser 
level 1 is leveled using die adjustable wheels 58 and 60. After the laser 
level 1 has been leveled, the laser diode modules 38, 39 are powered by 
toggling on electrical switch 8. A second switch (not shown) is toggled on 

20 and the DC motor 62 is activated. This causes die eccentric wheel 66 to 

oscillate the ruling shaft 70 back and forth as described in connection with 
Figures 14A-D. Since the ruling shaft 70 is coupled with the module 
housing 36 the module housing 36 will also oscillate back and forth as 
described earlier. With the laser diode modules 38, 39 activated, this 

25 oscillation will produce a long reference line on a flat target surface. By 

manually rotating the cap 78 the long reference line can be rotated 360 
degrees around the Z-axis shown in Figure 8. An automated means of 
rotating cap 78 is provided by activating the second DC motor 44. The 
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small gear 46 will rotate against the internal gear 48 fixed to the upper 
surface 3 of the laser level 1 causing the cap 78 to rotate. The second 
DC motor 44 can be also activated by remote control by a PCB 
receiver/ transmitter as discussed above. 

Figures 13A and 13B illustrate two orthogonal orientations of the laser 
level 1. All sides of the upper case 2 and the lower case 4 are flat and 
perpendicular to the upper surface 3. The base plate 54 is machmed to be 
flat. The upper case 2 and the lower case 4 can be place in the orientations 
shown in Figures 13A and 13B. This allows the operator to draw two 
reference planes in addition to the horizontal plane. For example, the laser 
level 1 can provide for a vertical reference plane that is perpendicular to 
the horizontal reference plane and a plumb reference plane that is 
perpendicular to both the vertical reference plane and the horizontal plane. 
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What is Claimed: 

1. A laser system, comprising; 
a rotating shaft; 

a motor operably coupled to the shaft; 
an upper case for mounting the rotating shaft; and 
a module housing attached to the rotating shaft, the module housing 
having a mechanical axis and containing a laser projecting a non-coUimated 
beam, wherein the mechanical axis and the center ray of the non-coilimated 
beam are perpendicular to the rotating shaft. 

2. A laser system, comprising: 
a stationary shaft; 

an upper case for mounting the stationary shaft; and 
a module housing attached to the stationary shaft, the module 
housing having a mechanical axis and containing a laser projecting a non- 
coUimated beam v^herein the mechanical axis and the center ray if the non- 
collimated beam are perpendicular to the stationary shaft. 

3. A laser system, comprising: 
an oscillating shaft; 

a motor operably coupled to the shaft; 
an upper case for mounting the oscillating shaft; and 
a module housing attached to the oscillating shaft, the module 
housing having a mechanical axis and containing a laser projecting a non- 
collimated beam wherein the mechanical axis and the center ray of the non- 
collimated beam are perpendicular to the oscillating shaft. 
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4. The laser system of claim 1, 2, or 3, wherein the module 
housing includes a plurality of laser diode modules. 
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Abstract of the Disclosure: 

The present invention relates to laser leveling device suitable for 
construction. The present invention uses a standard low cost laser diode 
module as the laser source and optical system. A novel method is provided 
to align the non-coUimated beam emitted from the standard low cost laser 
diode module so that it is perpendicular to the rotational axis of the laser 
level. The present invention describes a laser level which can be operated 
in four different modes: dot mode, line mode, oscillation mode and plane 
mode. Dot mode provides two level laser dots. Line mode provides a short 
bright level line. Oscillation mode provides a long bright reference line. 
Plane mode provides a level 360 degree reference plane. The invention also 
provides a structure which allows two vertical reference planes which are 
perpendicular to each other and perpendicular to the horizontal reference 
plane to be generated. 
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As a below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled Laser Level, 

the specification of which 

X is attached hereto. 

was filed on as 

Application Serial No. and was amended on ; (if applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above; 

1 acknowledge the duty to disclose information which is material to the examination of this application 
in accordance with Title 37, Code of Federal Regulations, §1.56(a) which states in relevant part: 
"Each individual associated with the filing and prosecution of a patent application has a duty of 
candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all 
information known to that individual to be material to patentability as defined in this section.... The 
duty to disclose all information known to be material to patentability is deemed to be satisfied if all 
information known to be material to patentability of any claim issued m a patent was cited by the 
Office or submitted to the Office in the manner prescribed by §§ 1.97(b)-(d) and 1.98."; 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign 
application(s) for patent or inventor's certificate as indicated below and have also identified below any 
foreign application for patent or inventor's certificate on this invention having a filing date before that 
of the application on which priority is claimed: 

Prior Foreign Application(s) Priority Claimed 


(Number) (Country) (Day/MonthA^ear Filed) Yes No 
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I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application is 
not disclosed in the prior United States application in the manner provided by the first paragraph of 
Title 35, United States Code, §112, 1 acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulation, § 1.56(a) which occurred between the filing date of 
the prior application and the national or PCT international filing date of this application: 


(Application Serial No.) (Filing Date) (patented, pending, abandoned) 

I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office connected therewith, and to file, prosecute and to 
transact all business in connection with international applications directed to said invention: 

Robert Moll 33,741 

Stephen C. Durant 31,506 

Michael Hetherington 32,357 

Adit Khorana 38,512 

Michael J. Murphy 37,404 

Michael J. Panepucci 37,203 


Address all correspondence to: 


Robert Moll 

Wilson, Sonsini, Goodrich & Rosati 

650 Page MUl Road 

Palo Alto, CA 94304-1050 


Direct all telephone calls to Robert Moll at (415) 493-9300. 


1 hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and fiirther that these statements were made 
with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Title 18, United States Code, §1001 and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 


First joint inventor: 

Inventor's signature: 
Date: 

Citizenship: 

Residence: 

Post Office Address: 


Dawei Donp 



United States of America 


4450 Enter prise Street. Suite 108. Fremont. California 94538 
As above written. 
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As a below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitied Laser Level, 

the specification of which 

X is attached hereto. 

was filed on as 

Application Serial No. and was amended on ; (if applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above; 

I acknowledge the duty to disclose information which is material to the examination of this application 
in accordance with Title 37, Code of Federal Regulations, § 1.56(a) which states in relevant part: 
"Each individual associated with the filing and prosecution of a patent application has a duty of 
candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all 
information known to that individual to be material to patentability as defined in this section..., The 
duty to disclose all information known to be material to patentability is deemed to be satisfied if all 
information known to be material to patentability of any claim issued in a patent was cited by the 
Office or submitted to the Office in the manner prescribed by §§ 1.97(b)-(d) and 1.98."; 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign 
application(s) for patent or inventor's certificate as indicated below and have also identified below any 
foreign application for patent or inventor*s certificate on this invention having a filing date before that 
of the application on which priority is claimed: 

Prior Foreign Application(s) Prioritv Claimed 


(Number) (Country) (Day/Month/Year Filed) Yes No 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application is 
not disclosed in the prior United States application in the manner provided by the first paragraph of 
Title 35, United States Code, §112, I acknowledge the duty to disclose material information as 


defined in Title 37, Code of Federal Regulation, § 1.56(a) which occurred befween the filing date of 
the prior application and the national or PCT international filing date of this application: 


08/415,960 April 3, 1995 Pending 

(Application Serial No.) (Filing Date) (patented, pending, abandoned) 

I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office connected therewith, and to file, prosecute and to 
transact all business in connection with international applications directed to said invention: 


Robert Moll 33,741 

Stephen C. Durant 31,506 

Michael Hetherington 32,357 

AditKhorana 38,512 

Michael J. Murphy 37,404 

Michael J. Panepucci 37,203 


Address all correspondence to: 
Robert Moll 

Wilson, Sonsini, Goodrich & Rosati 

650 Page Mill Road 

Palo Alto, CA 94304-1050 


Direct all telephone calls to Robert Moll at (415) 493-9300. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Tide 18, United States Code, §1001 and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 


Inventor: Dawei Dong 
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Date: Julv 19. 1995 

Citizenship : United States of America 

Residence: 4450 Enterprise Street. Fremont. California 94538 
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